The accuracy of brackets placement is a key factor in successful orthodontic therapy. An in vitro study was conducted in ten models from a natural maxillary teeth model in order to compare the accuracy of brackets placement between two direct bonding instruments: the pole-like Bracket Positioning Gauge and the star-like Bracket Positioning Gauge. Our results have shown that: the star-like Bracket Positioning Gauge is more precise in placing brackets vertically, whereas the pole-like Bracket Positioning Gauge allows a better angulation of the bracket. Considering each tooth separately, there is no statistically significant difference between the two positioning gauges, except that the star-like gauge gives better results in bracket's height for the second premolar and the canine, whereas the pole-like gauge allows for a better positioning and a better vertical angulation of the brackets for the lateral incisor. No statistically significant difference was found between the two gauges on the mesiodistal position. Overall, the star-like gauge showed a better accuracy in positioning brackets.
INTRODUCTION
Good placement of orthodontic brackets guarantees a successful mechanical treatment [1] . Direct bonding is the technique that is most used by orthodontists in their daily practice [2] .
Two positioning instruments are available to the practitioner, the pole like gauge and the star like gauge also known as Boone gauge.
The question that arises is which of these two instruments is more accurate in terms of positioning orthodontic brackets.
In literature, there are no studies comparing the pole like gauge and the star like gauge in bonding brackets. Our work has taken as objective to compare the accuracy of orthodontic bracket placement between two instruments of direct bonding: the star like and the pole like gauges.
MATERIALS AND METHODS
An experiment with a set of healthy natural teeth taken from 15 to 25 was conducted using a mold. Ten extra hard plaster models were made from the original model using alginate.
The natural teeth model was used for the ideal brackets' placement.
Eleven sets of Edgwise standard metal brackets 022. 028 were used for the study.
The plaster models were mounted on mannequins to be close to the clinical conditions during the bonding of brackets.
The right hemi arch was reserved for direct bonding using the pole like gauge, and the left hemi arch was used for direct bonding using the star like gauge.
Four experienced orthodontists have realized the bonding of brackets following the rules of correct bonding which are: the bracket axis should be parallel to the long axis of the tooth, the bracket should be centered in the crown, the height of bonding should be set to 4, 4.5 and 3.5 mm for the central incisors, bicuspids, canines and lateral incisors respectively.
The bonding material used is 3M TRANSBOND self cured composite resin.
The natural teeth from the reference model have been uncovered upwards to see their roots. This facilitates the alignment of the vertical axis of the tooth. Only one practitioner positioned the brackets ideally on the reference model, held by hand, in order to control the bonding in three dimensions (Figure 1) . A metal ruler and a protractor scale 0.5 mm were used for linear and angular measures.
Standardized photographs of each bonded tooth of ten plaster models and the reference model have been taken with an analog camera (III Yascika dental eye.) The camera was fixed on a tripod allowing for an effective control of the vertical distance from which the images were taken.
The expansion used is 1/1 and the photographs were enlarged ten times to facilitate measurements.
Methods
The contour of the crown, the vertical center line and the horizontal center line of the bracket are drawn on a tracing paper laid over the photo of each tooth. Each paper is laid over the picture of the natural tooth equivalent in the reference model.
Two linear measures and one angular measure were calculated between the ideal group and the tested group (Figure 2) . The height of the bracket: A zero value was assigned to the bracket that bonded perfectly to the center.
A negative value was assigned when the vertical gap between the bracket bonded with the gauge and the ideal bracket is occlusal. Conversely, if the gap is cervical, a positive value is assigned.
Mesio distal inclination: The horizontal distance between the center of the ideal bracket and that of the tested bracket was measured to assess the mesio distal gap of the bracket. A positive value was assigned when the elevation of the tested bracket is mesial compared to that of the ideal bracket, and a negative value is assigned when the gap is distal.
Angulation: It is determined by the angle between the horizontal center line of the ideal bracket and that of the tested bracket.
This measure is positive when the center line of the tested bracket is cervical relative to the ideal bracket and negative in the opposite case.
Statistical analysis: A statistical software (EPI-INFO) was used in order to collect and analyze all the measurements. The Student T test was used for statistical comparison of the results. The measurements were repeated for reproducibility and reliability of results. A paired t test has been realized and the t test is less than the calculated t-test table, we can say there is no significant difference between the 2 measurements. Tables 1 and 2 show the averages and standard deviation for each group of teeth of the three measures: vertical, mesiodistal, and angular.
RESULTS
Vertical positioning: The comparison between the group of teeth bonded with the star-like gauge and the polelike gauge shows a very significant difference (P = 0.006) for the second premolar and a significant difference for the canine and the lateral incisor ( Table 3) .
The star-like gauge is more accurate for the second premolar and the canine. The pole-like gauge is more accurate for the lateral incisor.
Mesiodistal positioning: The comparison between the group of teeth bonded with the star-like gauge and the pole-like gauge shows a significant difference for the first premolar and the lateral incisor (Table 4) . Indeed, the mesiodistal gap are opposed relatively to the center in the two groups. For the first premolar, we have a mesial gap of 0.32 mm on average for the group of teeth that bonded with the pole-like gauge, and a distal gap of 0, 46 mm for the group of teeth that bonded with the starlike gauge.
Similarly, for the lateral incisor, we have a mesial gap of 0.42 mm with the pole-like gauge, and a distal gap of 0.38 mm with the star-like gauge.
Both instruments lead to mesiodistal placement errors. 
DISCUSSION
The objective of our work was to compare two instruments of direct bonding of brackets that are commonly used by orthodontists: the star-like gauge and the polelike gauge. We conducted our study on the maxillary arch because we believe that it is the arch in which the placement of brackets in direct bonding is the most difficult.
We have also reproduced (in part) the clinical conditions by mounting the models on mannequins and using the same adhesive product used in clinical practice.
The choice of experienced orthodontists in our study reduces errors related to the competence of the practitioner.
Similarly, the use of multiple practitioners is more realistic in that it avoids ending up with the same bonding errors related to a single practitioner.
The comparison between the two methods showed that the two instruments cause overall the same placement errors, but that we have more accuracy with the star-like gauge, especially for the vertical placement of brackets.
The photographic assessment is a reliable way to study the position of the bracket, provided the same protocol and the same parameters are followed.
In our study, we used a system of rigid fixation and the same magnification for all pictures. This greatly reduces errors related to distortions of the photographic image.
The enlargement of the photographs was performed only for conveniently reading the various measures.
The pole-like gauge showed less accuracy in the vertical placement of bracket; this can be explained by its nature that allows it to be inclined too occlusally or too cervically, depending on the practitioner's position relative to the bonding tooth.
Our results showed a greater inclination of the bracket with the pole-like gauge on the lateral incisor.
The orthodontic literature has focused mainly on comparing the accuracy of brackets placement between direct and indirect bonding [3] [4] [5] [6] [7] . No study has taken before this one the objective of comparing bonding with the pole-like gauge and the star-like gauge.
BOHN CHAN KOO [8] conducted an in vitro study comparing the accuracy of bracket placement between direct and indirect technique.
For this, 19 sets of models of the same occlusion were divided into two groups, one for direct bonding (9 models), the second for indirect bonding (9 models).
A model has been set aside for ideal bonding (comparison model). The bonding was done by nine experienced orthodontists.
Direct bonding has been achieved by the star-like gauge similarly to our work, comparing the accuracy bonding on the basis of three measurements: vertical, angular, and mesiodistal using enlarged photographs of each tooth.
The author concluded that there is a gap between indirect bonding and ideal bonding. This is consistent with our results on the direct bonding.
He also noted that for the maxillary second premolar, indirect bonding is more accurate, whereas for the maxillary lateral incisor, direct bonding was better for the inclination of the bracket.
In our work we found that the pole-like gauge allows precise angle of the bracket for the lateral incisor, and we recorded largest gaps for the maxillary second premolar.
Similar results have been presented by BALUT [2] . In his work, he studied the accuracy of direct bonding on models having the same malocclusion. He found that the average inclination was 5.54˚ and 0.34 mm for the height.
Another study was conducted by Aguirre, KING and WALDRON [9] . It is a clinical evaluation done to determine the advantages and disadvantages of both techniques.
It focuses on 11 patients, 206 bonded brackets, and 189 measured brackets. The maxillary and mandibular arches are divided into hemi-arches, randomly bonding one side according to a technique different to the reverse side.
In direct technique [10] , the brackets are positioned with the star-like gauge (gauge Boone UNITEK).
To assess the placement of brackets, photographs of each bonded tooth are taken in similar ways and are compared with the corresponding tooth on the other hemi arch. To get accurate conclusions, the authors analyzed in turn:
-Linear measurements.
-Angular values. Concerning the linear measurements (height placement), the results showed that neither techniques was 100% accurate. If we compare direct and indirect methods, no significant difference in the maxillary arch was found, except for the canines for which brackets bonded using the indirect technique are placed near the ideal height.
The angular measurements have also shown that both methods fail to place ideally brackets with great variability. Apparently, the practitioner has more difficulty in judging the angles relative to height. In comparing direct and indirect technique in the upper arch, there is no significant difference except for the canines with an advantage with the indirect technique, which led to an angle closer to the ideal angle of 90. The results of this study should perhaps be brought into perspective, because all the brackets are bonded by the same practitioner. Indeed, these results may reflect the clinical skill of a particular practitioner rather than the difference between the two techniques.
CONCLUSIONS
With the advent of straight-wire techniques, the positioning of brackets has taken a significant role in the success of orthodontic treatment.
The placement of orthodontic brackets is a difficult but crucial, even in straight wire techniques, which use pre-informed brackets.
In this case, any small placement error leads all the brackets data to be distorted proportionally to the placement error.
In everyday practice, most orthodontists use two types of gauge for brackets placement: the star-like gauge and the pole-like gauge.
Our study revealed by comparing these two types of gauges that:
-The star-like gauge provides better placement of the vertical bracket, whereas the pole-like gauge allows for a better angle of the bracket.
-No statistically significant difference between these two gauges has been highlighted for the mesiodistal position.
